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Wlinidins have ooted that lineays 
obstructive disetsos, especially emphy^ 
semi, tppeir to nm to familieSi and 
this has teen a common observation 
ftoce the early nlneteemh century (1,2). 
Except for the rare bomozytotic alphat* 
antitrypsin dtHdency, other genetk 
predispositions to chronic obstructive 
diseases have not been clearly demon* 
ftrited (3), Studies to Englind hive 
rdemonstmed that there is a fenctic 
basis of asthma (4, 5). Eeceot studies 
have demoostrated agaregattoo of pul¬ 
monary funaion to twins (6i 7)^, and 
recent population Kudies have shown 
that pulmonary funaion i mcasuremenu 
appear to be aggregated to fimilia 
(8-10). 

It has long been recognized that 
body size and configumtion art geneti¬ 
cally determined, yielding familial agt 
gregation of body habitus;, body habi^ 
ttts has a major influence on pulmo¬ 
nary function. Although adjustment 
for height to predia a persooV lUng 
function is standard, this is not tuffi- 
dent when examining tot^sdividual 
correlations of body habitus with lung 
function: Thus, it is necessary to eval¬ 
uate the interaction of body habitus to 
the analysis of familial aggrcgitioo of 
pulmonary funaion. 

This report attempts to examine the 
relationship of pulmonary funaion 
measurements to the family, of body 
habitus relationships in the family, and 
the totemaion thereof. The influence 
of a history of airways obstruaive dis^ 
case to parents and children, imoktog 
to parents and children, family size, 
and I the influence of passive smoking, 
which are possible confounding vari¬ 
ables, art examined as well 

Mithodf 

Dtti ofl oydexr familiei reporued herein are 
derived from the Tbcson Epidemiotofi^ 
Studies of Airways Obstruaivc Diseases, 
which has been described previously (11). 
Tbe populitioo under study is a nuhisuie 
oraciried cluster sample of white, non-Mcx* 
kitn^Amtrican Canxilies in the IVicaon area, 
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where stratincition was on age of head of 
household I and on socioeconomic sutus. 

lb the first year of this stud) (1973^1973), 
questionaairei were completed on all sub* 
jecu. These toeluded a respiratory history 
and a family history with a family uec. Sub- 
jecu 13 yr of age and older completed their 
own queitionnaires. Mothers, or subnhutes 
if the mothers were not available, completed 
them for children younger than 13 yr of age 
(11). Comparisons of maternal and i self rtf 
porting pi^ormed for taokiog histories 
showed no discTtpandes. A separate study 
showed no signirieant differenees, in chil¬ 
dren I to 11, is pamtal versus self reporting 
of chronic symptoms (13). Pulmonary fuse- 
tidn tesu were performed sttiifaaorily to 
over 90^ of those 4 yr of aie and older, 
ttUAi techniques previously described (13). 

Nuclear families were defined as families 
to which there were a mother, afath^, and 
at kilt one natural child of the pair. There 
vert 344 nuclear families of the 1A55 fam¬ 
ilies studied (approximately 25%). The 
numho of fuhjecu involved to these nu¬ 
clear families represent about 1,400 of the 
3;l00 subjeeu to the total study population. 
Thera were 371 families to which l^tb ptr- 
enu and 1 or nsore of their duldrcn had 
satLsfaaory pulmonary funaion measure¬ 
ments to the first year of the study. Thm 
were analyzed as unia We also eonsidCrad 
relaiio&toips between partnKhild pairs, 
^uie pairs, and sibling pain. 

The presence of airway obstructive dis- 
ctK to the children and the parent was ob^ 
lained from the queftionniijet, as was 
smokint history (for those 15 yr of age and 
older). Family size, obuibed fbom house¬ 
hold records, was also used to detemuot if 
h was a confouodini variable 

As previously described, alii measure- 
menu were made by trained outm totcr- 


■11 meaiuramenu indicated no significar 
differenees (11,13). Standtof height (H) i 
toehci, fittini hdght to inches, and weigl 
(W) to pouadi wen used to calCulau tl 
Ponderal Index (14)^ an index of body hah 
tus (iA, H/Vw). This index bad the he 
corralation with pulmonary funaibn m 
when compand (with other indexes of boc 
habitus. 

The pulmonary function > measuremev 
used werr. Ibroed vhaJ capadry (FVC 
forced expiratory volume to one secoi 
(FEV,), and sijumal expiratory flows aft 
59 and 75% of ihtFVC bad been epto 
(Vmaxtt isd Vraut*. rcspccti%«]y)v fig 
subjea^t funaibn was first oorra^ f 
hei|ht and wei^t, using regression aqa 
dons derived I from dau on asymptomc 
Bonsmokers to 1 this population. These a 
reaed values did not ecplain aS effaesa 
body habitus. 

Cbmpariions of children*! and pares 
pulmonary function variables (expressed 1 
percent predicted) wm performed; fir 
hefora accouming for parestal body ha 
cus; these werr performed hefora and af 
2>icora timufonnatibtti. The Z-scorcs i \ 
sumdard normal variates: for each subjc 
the observed vahie was tubtneted from t 
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group f&caA ftod divided by the group fuo- 
dard drviitioo (Xi • (lat * l.)k)/x.ik, for 
oadi ifubiecti j tgt group, k mx)j This rv* 
tiovtd furtbojEtfgcti of age tod so tsd 
pve ill vtJuei the itme unitL All pulxno- 
tiry fuoetioa variables wtit thcs adjusted 
fori the htdividutl child's Pondbnl Index 
and the pereoul Pooderal Indexes (where 
tignincaotly oorrelatad with the pulmonary 
function variables) ttslng regression tech^ 
aiqucs. The 2^4coro were recalculated for: 
each of these pulmonary funeiioo variables 
within each tge*so group rrprvaaited in the 
pamKhild ipaia ^e Escort technique is 
«eful for tokir^ ai spedfic cffacu of other 
axplinaiory variables, such as imoktng. 

FamUia) aggregatioo i was estimated by 
analysis of variance (ANOVAX which eor* 
mponds to the istridkss correlation as 
described by Donner and ICoval (15)j These 
iDvestigatofs demoanrated that t^ method 
was slightly beucr than the maximal Ukeli^ 
hood estimator if the true corrcUiion was 
Kkdy to be less than Oii Both woe better 
than the ttfuil product-moment correlation 
method. They also demonstrated that dif¬ 
ferences is results with inclusion or exclu¬ 
sion of one child were minimal and oonsig- 
aincani. The muUivamte componenu of 
variance method of ANOVa is more useful 
than other methods of examining aggrtga^ 
tiOD in that it gives tepaiitc cstimtion for 
varianoc componenu and allows usual Itest^ 
Id| of significance of those estimates. Anal¬ 
yses of variance were performed I using the 
children*! pulmonary funaion measure- 
menu as the dependent vtriabU, using age, 
sex; smoking, and body habitus indexes of 
the children and the parents as oovariates, 
with parents' pulmonary function (as con- 
linuoui variables) as the explanatory viri^ 
ables (main effecu) in the ANOVA; Covari- 
•tes were aU continuous variables except 
sex. Main effecu were grouped into eqiud 
thirds. Two- and thrct-wayimerictioDS were 
csimiaed. The rtgresiioD option was used 
to lemove coviriate effects; other main ef¬ 
fects, and interaction cffecu from the con¬ 
tribution of ach main factor, using SPSS 
programs on I a PEC-10 Cyberi 175 Univer- 
siry Computer System. In the case of nut 
dear family analyses using analyses of virit 
tnee, the analyses were done for all families 
and iseparately and for those with 2 or more 
childten (13). For analysis of pareni<hild 
pairs, the male/frmale oldest child was 
used. For analysis of sibling; pain, the 2 
oldest children of each icx in the family 
woe used. 


FtauHa 

The characteristics of members of the 
nuclear families with pulmonafy func¬ 
tion lesu are shown in i uble h There 
om highly gignincani product-mo* 
ment correlations of measures of body 
habitus between all children and their 
pvents, after adjusting for age and icjl 


TAtU 1 

OMAKACTimSTtCS OP PAWIKTl AND OHILDACN 
• Yuns or AOC AND OijDCm IN NUCUEaA 
PAMIUES WTTH Pl/UUONARY rUNCnOH 
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The linear fegression of aU the diO- 
dten^g H/W*'* on mothers’ had 
a comlation (r) of 0.804 (p < 0:0001); 
with fatherSi r was 0.773 ^ < 0.0001). 
There were also some tignificant prod^ 
iid-moment correlations of the amount 
of smoking (pack-years) between vari¬ 
ous pairs, especially b^ween fathers 
and children siblings and spouses (p < 
0.001), even though many fewer chil- 
dlfen than parenu smoka The signifi¬ 
cant correlations were between father 
and both daughters and sons, between 
siblings, and between spouses; the 
mothers-sons correlation of smoking 
was borderline (p « 0.085). There was 
no correlation of smoking with any 
of the measurtmenu of ^dy size or 
habitus. 

Product-moment correlations be¬ 
tween children’s and parents’ pulmo¬ 
nary function measurements were sta- 
tistically signincant (r as much as 0.30) 
prior to adjusting for covmriates. The 
most signiricant aggregation of a pul¬ 
monary function measurement prior to 
body habitus correction was with FVC, 
whichi as a volume measurrment is 
most closely corrtUted with body habi¬ 
tus. The rtlatiomhips were also strong 
and significant for F1V|, but were less 
often significant for the flow variables. 


However, lefressions of the children’s 
percent predicted pulmonary function 
against parenu’ pulmonary function 
and body habitus meaiumnenu showed 
gignificant contUtions of the diOdien^s 
pultnoniry funcUon with the parenu* 
body habitus, as well as with thmr own 
body habitus. After body habitus and 
age corrections, the previous correla¬ 
tions of pulmonary function variables 
between any of the pairs were no 
longer present. Thus, the relation be¬ 
tween children’s lung function and par¬ 
ents' lung function is likely to be related 
to their similar body habitus. 

Despite the aggregation of asthma 
(uble 2), it was not a factor in the ag¬ 
gregation of pulmonary function meas- 
uitments when tested by ANOVA. 
Chert wu no family aggregation of 
present diagnosed chronic bronchitis 
for emphysema. The presence of these 
other airway obstructive diseases In 
parents and/or children were not fac¬ 
tors in the relationships between piU- 
monary funaion measurtmenu in the 
family (by ANOVA). FhmUy size wu 
•ot found to be a tignificani faaor tn 
«€iiy of the analyses. Analyses of vari¬ 
ance for families with 2 or more chil¬ 
dren only, u well u for all families (1 
child or more), yielded rimilar lesuha 
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TABU S 


CMItO«^fNS VOiJUWe AND FVOW MEASUBCMCNTS IN f^UTlON TO BABENTT VOtUMC AND 
EkOW MEASUBENENTB. CONTBOtUNO BOB OTHEB VABIABLES <tY ANOVA)* 
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Tb Bccoum for bB' of the potsible 
ngnificBni covariiblo Bsd intertctlonA 
we u&ed muhivariAte aniJytis of vtri* 
B&ce McviluAte AiErtgaiioo of FVCr 
FEViv'^siaxm. Vmaxu, Etch cxplini- 
tory vthable was as ba indepen*^ 
dent contributor to the dependent vijii* 
able. The mu]u for all 4 pulmonary 
fuDcUoo vBjiAbies were similtr^ so only 
1 volume (FVC) and I flow ^maxM)! 
variable art shown (tabltl).. 

Without covariate controls or ad¬ 
justed children's pulmonary function* 
the parenu* volume measurements con¬ 
tributed sifniflcanily to the cxplanir 
tiOn of the childim's measurements. 
These timincant tflationships for 
FVC, FEV„ and VmaxM were also pres¬ 
ent after aic and ta were used as co¬ 
variates and parental smoking was used 
as explanatory variables (uble 3)^ 
However, adjusting for smoking re¬ 
duced the rignificance of fathen* FVC 
and both paieou* VmaxM. ^remiT 
emokt&i was idgnifkam only) ^ 
(matonal smoking only)^ Fur- 
thensort, we did not find any reUtioii 
betweot fathers' or mothers' gmoking 
and their spouses* pulmonary function. 

The body babituKorrccicd FVC and 


mmm m Nm b w hmw). 


^maxM of the children as the depen¬ 
dent variables had no signincant rela¬ 
tionship with any of the explanatory 
variables, where teih the parenu* pul¬ 
monary function variables had been 
corrected for body habitus as welli The 
total amount of variability explained in 
these analyses was sifnificant for FVC 
andFEV, (p - 0.001). 

The analyses of variance performed 
on the pulmonary function measure^ 
menu of paient-oldest diild] spouse. 
Of sibling pairs yielded negative results. 


There wtie two exceptions to this: the 
contribution of the father's VmaxM on 
the daugbur's VmaxM ligniftcant 
(p m 0.044); however, the total y^ance 
explained was not signincanti As that 
only left 1 of 24 comparisons tignin- 
cant, motber-fOD FVC (p of main effea 
m 0.028), and one might expea ap- 
proximttdy 1' of these many comptiiT 
sons (n w 24} tobe tifmncant by chance 
ildne (at p< 0.05), this was eonsidertd 
a chance finding; Performing the same 
analyses after correcting for tmoking 
habiu to the parenu and chUdrim; and 
after analyzing by whether airways ob- 
gtnictivc Pleases were present or not, 
did not change the resuhs. 

The children's Z-sc 0 rt<orrected pul¬ 
monary function variables were com¬ 
pared among, tmoking and nonsmokr 
ing parentr, the resuhs are shown in 
table 4. As can be seen, parental smok¬ 
ing did not have a tignifieant effect on 
children's pulmonary function; smok¬ 
ing habiu of others in the household 
(predominantly siblings) did not have 
any effect either. 

DIsetrfsIon 

It is generally agreed that body hibhus 
is genetically determined; it certainly 
has high familial aggregation. Pulino- 
nary function variables art measure- 
memi that are highly dependent ooi 
various cbaraaerisiics of body habi¬ 
tus. Pulmonary function measuremenu 
have previously been shown to aggre¬ 
gate in families when body habitus in 
^e families was not accounted for (8; 
9). In our study, we first saw nrong 
contlationi between parenu* and chil¬ 
dren's pulmonary function meaiuie- 
ments, tignifieant for FVC, FBV|, and 
Vmaxi*. However, when we controlled 
for body habitus in the ekamination of 
the ftlaiionship between parenui and 
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duIdifn'MDdpoairy functiOD metsr 

vtxneDts, we do lonier found such re* 
UtioDsfupi. Thus, fAmiliiJ comlitioiis 
for observed pulmonary fuoction, es- 
pedilly FVC, were dependent on fimil* 
li) iigrefitidn of b^y habitus,, even 
after conuoUini for age and sex. It can 
aot be eonstjued as an ovendjustment 
of facial data; as the underlying. fa- 
8^al aggregatidn is one of body tobi* 
ttti characteriitio. This is more a ge- 
setie effect than one of dietary or en* 
viromnental effecu as shown i by tbe^ 
weaker itlationship between siblings 
andlthe lack of a relationship of body 
habitus between spouses. 

Oa the other band, wt fid detect a 
relationship of aithma bctwecQ 
children and parenu independent of 
aMkisg and pulmonary fimctioo 
iMasurts (table 2), which confirmed 
findings of Sibbald and coworkera (4, 
5)^ and Tbwnley and associates (16), To 
insure that this is not strictly a result of 
leponing bias, objective measures such 
as bronchia]*reactivity would have to be 
done to confinn the relaiiottship, as has 
been done by Townley and associates 
(16). This fan^al aggregatidn of asth* 
ma did not affect the findings for any 
fimilitl aggregation of pulmonary 
function. 

We found also that tmokinf habitus 
aggregated in families but was prob^ 
abty an environmental' influence only, 
Spouses and siblings had the closen 
felitionships of smoking babiti (f • 
0J9 and 0.50, respectively). Smoking 
habiu of both sons and daughters cor* 
related more highly with those of their 
fathen(r • 0J12 and 0J13, respectively) i 
than with those of their motben (r « 
0.06 and 0.03, respectively). 

FieviousJy, we had not found a itla- 
raknuhip between childrenH and par- 
cmi* chrome aympiomi by parental 
amoking (20). When we examined cf- 
lecu of parental smoking on children^ 
pulmonary functson, taking hito ac4 
count the initial relationship between 
paientil and ehildren*! puhnonisy 
function, only maternal smoking was a 
MgnificaiK explanatory eariabit; and 


apaly iarlilaax^ CP • OiMlk Cdnsider* 
ing the number of ways in which the 
comparisons were made; this one dif¬ 
ference probably was not meaningful. 
When children!! pulmonary function 
was adjusted for patema) bc^y habitus 
as well as their own, there was no ttgr 
nificant parental; smoking oomribu* 
tjon. A lack of a relatkmship between 
parcaul cmoktni and children's pul¬ 
monary function, even without conea* 
ing for parental pulmonary fimciion or 
bt^y habitus, had been fcported ^ 
l^>eizer and eoworkeri 07« It), SchU« 
and assodatai (lOh and Dodge 
(12). Ikger and colleagues (19) had re* 
ported this association, but it too might 
disappear if corrected for the family 
aggregation tb^ found (9), and/or 
body hibitui. It is possible that con* 
trolling for body habitus in a famity 
may W controlling for other genetic 
and'bon faaon as well. 

Finally, we did not fmd any aignifi^ 
cant interaction between the smoking 
habiu of diher parent smoking ar)d 
their tpotucs' lung function (table 3)« 
aimilkr to Comstock and coworkers 
(21) and Schilling and associates (10), 
but different from Xauffmann and 
coworkers 02% 
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